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Aerodynamics of ParachutesAerodynamics of Parachutes

Primary role of a parachute Primary role of a parachute 
is to produce dragis to produce drag
Bluff, porous, flexible bodyBluff, porous, flexible body
Unsteady, separated, Unsteady, separated, 
compressible flowcompressible flow
NonNon--uniform upstream uniform upstream 
conditionsconditions
Solution to all these Solution to all these 
problems beyond state of problems beyond state of 
the artthe art
First simplification is to First simplification is to 
assume steady, assume steady, 
incompressible flowincompressible flow
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Steady Flow?Steady Flow?

Even “steady” parachute forces are really a time Even “steady” parachute forces are really a time 
averaged averaged 



Quantity Symbol Dimensions
M L T

Dependent Variable
aerodynamic force R 1 1 -2
aerodynamic moment M 1 2 -2

Parachute Parameters
nominal diameter Do 0 1 0
line length Ls 0 1 0
design ratios Rd 0 0 0
mass of payload ms 1 0 0
canopy nominal porosity c 0 1 -1
canopy geometric porosity λg 0 0 0

Fluid Parameters
fluid density ρ 1 -3 0
viscosity µ 1 -1 -1
velocity of sound a 0 1 -1

State Variables
system velocity V 0 1 -1

External Parameters
gravity g 0 1 -2
time t 0 0 1

Parameters significant to parachute forces and momentsParameters significant to parachute forces and moments
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Important Dimensionless ParametersImportant Dimensionless Parameters

Resultant force coefficient                and moment coefficienResultant force coefficient                and moment coefficient are t are 

functions of nine dimensionless groups:functions of nine dimensionless groups:

canopy design ratios:  canopy design ratios:  RdRd Mach number: Mach number: 

fineness ratio:fineness ratio: mass ratio:                                mass ratio:                                 

Reynolds number:Reynolds number: FroudeFroude number:number:

effective porosity:effective porosity: dimensionless time:dimensionless time:

geometric porosity:geometric porosity:

22
oDV

R
ρ

M
V Doρ 2 3

L
D

s

o
ρ

µ
VD o

c
V

λ g

V
a

m
D

s

oρ 3

V
gDo

2

Vt
Do



VorticityVorticity ©J.S. Lingard 2005

Body ForcesBody Forces

Forces only generated by:Forces only generated by:

pressure distribution pressure distribution pp

shear stress distribution shear stress distribution ττ

p
τ
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Force CoefficientsForce Coefficients

Lift coefficientLift coefficient

Drag coefficientDrag coefficient

Normal force coefficientNormal force coefficient

Tangent force coefficientTangent force coefficient

Moment coefficientMoment coefficient

qq = dynamic pressure = = dynamic pressure = ½½ρρVV22 SSοο = nominal area= nominal area
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Static StabilityStatic Stability
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Diagram of Typical Parachute Gore ShapesDiagram of Typical Parachute Gore Shapes
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Design Ratios  Design Ratios  RdRd

Define the precise form of the parachute canopy in Define the precise form of the parachute canopy in 
terms of gore shape and geometric porosityterms of gore shape and geometric porosity

30 different parachute types with variations within 30 different parachute types with variations within 
typetype

detail design features influence performance to a detail design features influence performance to a 
greater or lesser extentgreater or lesser extent

two parameters independent of precise design have a two parameters independent of precise design have a 
predominant effect:predominant effect:

POROSITYPOROSITY

FINENESS RATIOFINENESS RATIO
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Fineness RatioFineness Ratio

ratio of line length to ratio of line length to 
nominal diameternominal diameter

typically ranges from 0.8 typically ranges from 0.8 --
2.02.0

common value is 1.0common value is 1.0
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Variation of parachute drag coefficient based on Variation of parachute drag coefficient based on 
nominal area with line lengthnominal area with line length
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Variation of Parachute Drag Coefficient Based on Variation of Parachute Drag Coefficient Based on 
Projected Area With Line LengthProjected Area With Line Length
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Reynolds Number    Reynolds Number    

ratio of fluid inertial forces to viscous forcesratio of fluid inertial forces to viscous forces

governs nature of boundary layer and separation governs nature of boundary layer and separation --
laminar or turbulentlaminar or turbulent

critical Reynolds number typically is 5 x 10critical Reynolds number typically is 5 x 1055

laminar : lower friction forces, early separationlaminar : lower friction forces, early separation

turbulent : higher friction forces, delayed separationturbulent : higher friction forces, delayed separation

greatest significance below critical Reynolds numbergreatest significance below critical Reynolds number

ρ
µ
VDo
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Variation of Drag Coefficient With Reynolds NumberVariation of Drag Coefficient With Reynolds Number
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Reynolds NumberReynolds Number

For typical parachute 5.5m/s descent velocity, nominal diameter For typical parachute 5.5m/s descent velocity, nominal diameter 10m10m

standard sea level conditionsstandard sea level conditions

i.e. substantially supercriticali.e. substantially supercritical

ρ µ= = × −1 225 1 79 103 5. / . / ( . )kg m kg m s,  

R
. .

.
.e = =

× ×
×

= ×−

ρ
µ
VDo 1225 55 10

179 10
376 105

6

parachutes have sharp edged separation therefore insensitive to parachutes have sharp edged separation therefore insensitive to RRee

Reynolds number has secondary subtle effect Reynolds number has secondary subtle effect 

IT MODIFIES POROSITYIT MODIFIES POROSITY
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PorosityPorosity

GEOMETRIC POROSITY GEOMETRIC POROSITY 
λλgg is produced by physical gaps in the gore is produced by physical gaps in the gore 

λλgg is the ratio of the open area of the gore to is the ratio of the open area of the gore to 
the total gore areathe total gore area

PERMEABILITY PERMEABILITY 
λλmm derives from the flow passing through the derives from the flow passing through the 
canopy fabriccanopy fabric

λλm is defined as the volumetric flow rate of air m is defined as the volumetric flow rate of air 
per unit cloth area under a certain differential per unit cloth area under a certain differential 
pressure pressure ∆∆pp

UK units are ftUK units are ft33/ft/ft22s at 10 ins water pressure s at 10 ins water pressure 
representing typical differential pressure during representing typical differential pressure during 
inflationinflation
USA units are ftUSA units are ft33/ft/ft22min at ½ ins water min at ½ ins water 
pressure, to represent differential pressure pressure, to represent differential pressure 
during steady descentduring steady descent
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Effective porosity is simply defined as:

ce = 

where u0 = velocity through the material

and   ∆p = ½ρU2

For incompressible flow, from dimensional analysis

∆p = = (pressure loss + viscous loss)

PermeabilityPermeability
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where                           = Reynolds number per unit lengtwhere                           = Reynolds number per unit lengthh

Permeability Permeability ContdContd

µ
ρU

=eR

c
K
K

K
K K

e = − + +
2

1

2
2

1
2 2

12 4
1

2R Re e

since effective porosity is a function of two constants, since effective porosity is a function of two constants, 
measuring porosity at a single differential pressure does not measuring porosity at a single differential pressure does not 
define the behavior of the materialdefine the behavior of the material

ideally we need to know both UK and US values i.e. for          ideally we need to know both UK and US values i.e. for          
MILMIL--CC--7020 Type 1:   UK 7020 Type 1:   UK -- 12       US 12       US -- 100100
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Variation of Effective Porosity With Reynolds Number for MilVariation of Effective Porosity With Reynolds Number for Mil--CC--
7020 Type 17020 Type 1

Porosity as function of Reynolds number (lref = 1m) for MIL-C-7020 Type 1
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Reynolds NumberReynolds Number

MarsMars
MER : Re = 6 x 10MER : Re = 6 x 104 4 forfor terminal descent terminal descent 

TitanTitan
HuygensHuygens

Main parachute Re = 1.4 x 10Main parachute Re = 1.4 x 105 5 -- 5 x 105 x 104 4 

Stabilizing drogue Re = 5 x 10Stabilizing drogue Re = 5 x 104 4 -- 4 x 104 x 106 6 
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Effective porosity may be transformed to a geometric porosity Effective porosity may be transformed to a geometric porosity 
equivalentequivalent

where where SSpp is canopy projected area and is canopy projected area and 

thenthen andand

Total porosity, Total porosity, λλΤΤ, is simply defined as:, is simply defined as:

λλTT = = λλgg + c+ cee(1(1-- λλgg))

with with ccee measured at differential pressure measured at differential pressure ∆∆pp defined above.defined above.

At high dynamic pressure the weave distorts and the flow At high dynamic pressure the weave distorts and the flow 
passing through the cloth increases.passing through the cloth increases.

The porosity of a canopy is an important parameter in many The porosity of a canopy is an important parameter in many 
aspects of parachute behavioraspects of parachute behavior.  .  

D pSp= ∆
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Increasing porosity:Increasing porosity:

Reduces drag coefficientReduces drag coefficient

Increases parachute inflation timeIncreases parachute inflation time

Reduces parachute inflation loadsReduces parachute inflation loads

An over porous canopy may not open at all because its critical An over porous canopy may not open at all because its critical 
opening speed will be too low.opening speed will be too low.

Porosity also has a large effect on static stabilityPorosity also has a large effect on static stability

increasing porosity reduces the statically stable angle of attacincreasing porosity reduces the statically stable angle of attackk

to achieve static stability at 0° a porosity of >18% is necessarto achieve static stability at 0° a porosity of >18% is necessary or y or 
the open area of the canopy surface is >40% the mouth areathe open area of the canopy surface is >40% the mouth area
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Influence of Porosity on Drag CoefficientInfluence of Porosity on Drag Coefficient

Parachute drag coefficient as function of total porosity
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Drop test errors!Drop test errors!

Measured velocity = rate of Measured velocity = rate of 
descent descent 
Calculated Calculated CCdd = C= Cdd/cos/cos22γγ

Essential to check if glide is Essential to check if glide is 
occurringoccurring
Measured Measured CCdd > 0.70 almost > 0.70 almost 
certainly gliding certainly gliding 

γ

V

Vcosγ = r.o.d.
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Trim angles Trim angles 
Trim angle vs porosity for range of parachutes
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Extended skirtExtended skirt

Alternative means of Alternative means of 
improving stabilityimproving stability
Reduces drag Reduces drag 
coefficientcoefficient
Less efficient than using Less efficient than using 
geometric porositygeometric porosity
Used effectively on Used effectively on 

Mars PathfinderMars Pathfinder
MERMER
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Schematic Diagram of a Subsonic Turbulent WakeSchematic Diagram of a Subsonic Turbulent Wake
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Wake effectsWake effects

Influence of wake is a function of:Influence of wake is a function of:

size of forebody compared to size of parachute size of forebody compared to size of parachute DDBB/D/DPP

distance from base of forebody to parachute skirt distance from base of forebody to parachute skirt 

x/Dx/DBB

shape of the forebody shape of the forebody CCDBDB

Mach numberMach number
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Wake EffectsWake Effects

width width bb of a turbulent axisymmetric wake isof a turbulent axisymmetric wake is

and the velocity decrement at the wake center line is:and the velocity decrement at the wake center line is:

wherewhere the forebody drag the forebody drag 

forebody reference areaforebody reference area

xx = distance downstream from the base of the forebody= distance downstream from the base of the forebody

and and kk and and KK are constants.are constants.
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Wake Width As a Function of Downstream Distance and Forebody Wake Width As a Function of Downstream Distance and Forebody 
Drag CoefficientDrag Coefficient
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If the parachute diameter is larger than the If the parachute diameter is larger than the 
wake drag loss = forebody dragwake drag loss = forebody drag

If parachute is immersed in the wakeIf parachute is immersed in the wake
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Function Function f(f(ηη) versus parachute projected diameter to ) versus parachute projected diameter to 
wake diameter ratiowake diameter ratio

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0 0.2 0.4 0.6 0.8 1
Rp/b

f(R
p/b

)



VorticityVorticity ©J.S. Lingard 2005

Wake Efficiency Factor As a Function of Trailing Distance, Wake Efficiency Factor As a Function of Trailing Distance, 
Parachute Size and Forebody Drag CoefficientParachute Size and Forebody Drag Coefficient
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Pressure DistributionPressure Distribution

Pressure distribution is significant to understanding of drag anPressure distribution is significant to understanding of drag and d 
stress analysisstress analysis
The drag of a parachute is predominantly produced by the The drag of a parachute is predominantly produced by the 
differential pressure over the canopy shear forces being second differential pressure over the canopy shear forces being second 
order.order.
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Typical Canopy Pressure Distribution for a 25% Typical Canopy Pressure Distribution for a 25% 
Geometric Porosity Ribbon ParachuteGeometric Porosity Ribbon Parachute
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Variation of Drag Coefficient With Mach Number Variation of Drag Coefficient With Mach Number 
for a Diskfor a Disk--gapgap--band Parachuteband Parachute
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Test DataTest Data

High quality test data is importantHigh quality test data is important
Data in literature is often incompletely definedData in literature is often incompletely defined
Data sourcesData sources

flight testflight test
wind tunnelwind tunnel

Flight test dataFlight test data
subject to atmospheric variationssubject to atmospheric variations
ground relativeground relative
uncontrolleduncontrolled
instrumentation accuracyinstrumentation accuracy
D GPS + calibration chuteD GPS + calibration chute

Large drop altitudes recommendedLarge drop altitudes recommended
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Wind Tunnel Test DataWind Tunnel Test Data

Blockage correctionBlockage correction
Solid wall wind tunnel correction factorSolid wall wind tunnel correction factor

qq = effective dynamic pressure to be used to non= effective dynamic pressure to be used to non--dimensionalizedimensionalize
the dragthe drag

qq∞∞ = free stream dynamic pressure= free stream dynamic pressure
CCDDSS = measured drag area= measured drag area
SSt t = tunnel section area.= tunnel section area.

Model scalingModel scaling
stiffnessstiffness
porosityporosity

q
q

C S
S
D

t∞
= +1 185.
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Test Data SummaryTest Data Summary

always use the original source of the data to obtain always use the original source of the data to obtain 
all relevant information with regard to configuration all relevant information with regard to configuration 
and accuracy;and accuracy;

always ensure you know the limitations of flight test always ensure you know the limitations of flight test 
data;data;

always correct wind tunnel data for blockage and be always correct wind tunnel data for blockage and be 
aware of Reynolds number effects;aware of Reynolds number effects;

always ensure that the configuration tested is as always ensure that the configuration tested is as 
close as possible to that to which you wish to apply close as possible to that to which you wish to apply 
the data.the data.
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?
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Variation of Effective Porosity Free Stream Velocity for MilVariation of Effective Porosity Free Stream Velocity for Mil--CC--7020 7020 
Type 1Type 1
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